The volatile halothane metabolites, 2-chloro-1,1,1,-trifluoroethane and 2-chloro-1,1difluoroethylene, were identified in the exhaled breath of ten children during halothane anaesthesia. Although there was considerable variation among children in the concentration and time-course of metabolite exhalation, exhaled concentrations of these merabolites were of a similar magnitude to those reported in adults. This result suggests that the lower incidence of halothane hepatitis in children compared with adults is not due to a poor ability [0 metabolise halothane by the reductive pathway.
Halothane hepatitis is a rare complication of halothane anaesthesia in adults. Studies in animal models indicate that reactive intermediates formed during the reductive metabolism of halothane probably initiate hepatocellular injury.I,2 In humans the mechanism of injury is more complex. Metabolism to toxic intermediates may be only one of a number of factors which must be present for liver injury to follow halothane anaesthesia. 3 Extensive use of halothane for paediatric anaesthesia over a period of many years has established the safety of this agent in the paediatric patient population. Only a small number of reports of halothane-associated hepatic injury in children have appeared. These have recently been summarised." Other reports have described cases in which no signs of liver injury were observed after multiple (11 to 94) halothane anaesthesias in children. 5, 6 It seemed possible to us that the rarity of halothane hepatitis in children is due to a poor ability to metabolise halothane by the reductive pathway. If this were the case, toxic intermediates might not be formed at a rate sufficient to overcome the liver's protective mechanisms or its capacity for repair.
We therefore undertook to determine the extent of reductive metabolism of halothane as assessed by 2-chloro-l,1-difluoroethylene (CDF) and 2-chloro-l,1,1-trifluorethane (CTF) exhalation, in a group of child patients.
MATERIALS AND MLTHODS Patients
Ten patients were included in the study. Patient details are shown in the table. All patients were to have halothane anaesthesia for dental surgery.
Anaesthetic technique
All the subjects were unpremedicated outpatients. Induction of anaesthesia was by inhalation of oxygen, nitrous oxide and Breath samples A 38 mm 19FG stainless steel needle was inserted into the lumen of the proximal limb (patient end) of the Ayre's T-piece, the point directed toward the endotracheal tube well beyond the fresh gas inflow. A polyvinyl chloride catheter was attached to the needle to facilitate remote sampling via a three-way stopcock. Samples were collected at lO-minute intervals for up to 60 minutes after induction. At the designated time, fresh gas flow was turned off, the sample syringe was flushed once, and a sample (8 ml) was slowly withdrawn. Concentrations of CDF, CTF and halothane in the breath were analysed by gas chromatography as previously described. 7 In most patients, the number of samples taken was limited by the duration of the surgical procedure.
RESULTS
Both CTF and CDF were detected in the breath of all patients. These metabolites were present at all time points studied, except in the lO-min breath sample of one patient (patient lO), in which they could not be detected. When averaged over all patients, exhaled concentrations of the volatile metabolites had reached a plateau level (0.8 ppm CTF, 0.35 ppm CDF) when the first sample was taken, and remained fairly constant during anaesthesia. However, individual patients showed considerable departures from the average pattern (Figure 1) . For example, maximum CIF concentrations exhaled by each patient ranged from 0.26 ppm (patient 9) to 2.7 ppm (patient 7). Considerable variation among patients was also observed in the CTF/CDF ratio, which ranged from 1.1 (patient 9) to 4.1 (patient 7). This ratio tended to be higher in patients who exhaled high concentrations of metabolites. The greatest among-patient variation in metabolite concentrations occurred in the lO-min samples. The variance at this point was significantly higher (p < 0.05) than at other time points. This presumably reflects differing pre-anaesthesia states (e.g. emotional stress) and conditions of induction, the effects of which would be expected to diminish at later time points. Individual differences in magnitude and pattern of metabolite exhalation appeared to be unrelated to race, sex, age or weight. DISCUSSION Our results indicate that children can carry out reductive metabolism of halothane during halothane anaesthesia. The only other study to report reductive metabolism of halothane by children is that of Sharp, Trudell and Cohen. 8 Those authors reported exhaled concentrations of CDF and CTF in the breath of sixteen patients, including three children, shortly after halothane anaesthesia. Concentrations of the metabolites were similar to those reported here during halothane anaesthesia.
The time course of metabolite exhalation shows considerable variation among children. We were not able to identify the factors determining the type of pattern observed in a particular patient. The most common pattern was a rapid rise to a fairly stable plateau. This differs from the time-course reported in adults, which consists of a rise to a plateau level over 60 min. 9 Differences between adults and children in the rate and extent of redistribution of the metabolites may contribute to this observed difference. The concentrations of metabolites we found are slightly lower t:lan those reported in adults,9 but the significance of this is difficult to ascertain due to differences in sampling techniques and conditions of anaesthesia.
Our study indicates that the rarity of halothane hepatitis in children is not a result of Anaesthesia and Intensive Care, Vol. 12, No. 4, November, 1984 a limited ability to metabolise halothane by the reductive pathway. It is possible that children's hepatocytes are resistant to damage induced by toxic intermediates of halothane metabolism, as a result of, for example, increased levels of endogenous protective agents such as free radical scavengers, or that their livers have a greater ability te recover from injury than do those of adults. Further studies are being planned to test these hypotheses.
